Status of the LUX Dark
Matter Experlment

James Verbus

Brown University

Brookhaven Forum 201 |
20 October 201 |




Large Underground Xenon

® WIMP direct detection
experiment

® Xenon dual-phase TPC

® Underground operations
start at Sanford
Laboratory in 2012

® |arge:350 kg Xe, 100 kg
fiducial; very strong
discovery potential
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LUX Anatomy

Breakout system Ti cryostat

Cu PMT
arrays

3D Rendering by J. Thomson
Composition by C. Hemandez Faham

Instrumented Field cage +
water tank Source tube PTFE reflector
system panels
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LUX Signals

® S|:scintillation
photons

® S2:ionization
electrons

® 3D event

Drift time
indicates depth

position LS
reconstruction
— ionization electrons
UV scintillation photons (=175 nm)
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ER / NR discrimination

(52/S1)

g

® Provides ER background

discrimination

® >99.5% ER rejection
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Electron Recoil
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Electron Recoil
(gammas)

Nuclear Recoil
(neutrons, WIMPs)

Nuclear Recoil
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Background Reduction

in muon flux)
° Water Tank ( 8 m dia, 6 m height)

° Xe self-shielding

° Manage internal backgrounds
° Materials screening program
° Remove Xe contaminants
(Kr-85)
20 10 o}
° Minimize Rn exposure (&,n) R [cm]
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Sanford Laboratory at Homestake

® Homestake gold mine retired in 2000
e 8000’ deep >
® 370 miles of tunnels

® Homestake Solar Neutrino
Experiment - 2002 Nobel Prize

e LUX in Davis Cavern - 4850’ level
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The LUX Surface Facility at Sanford Lab

® I|dentical to underground floor plan

® Detector construction / testing done

i |
on the surface i !| L | -
| EE )23 D TIN5
® Sealed detector transport 1 e | I | E[ m | l -
underground e L ) | '11 L8
B | |
‘ | |
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Surface RunOl|

lux01_20110528T1133 - event: 1010
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Surface

Currently underway

Full signal chain

122 photomultiplier tubes + corresponding

analog / DAQ electronics

Charge sensitive preamplifier

Data distribution and analysis chain
350 kg xenon

First condensation

Circulation / purification

Storage and recovery system

Water Tank

Calibration System

Going underground early 2012!
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LUX: The First 40 Days

log, ,(S2/S1)
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LUX signal and background expectation for 4,000 kg-days net XENONI100 4,000 kg-days result for comparison.
exposure. WIMP events assume m = 100 GeV, 0 = 1104 cmZ Note higher ER rate - ~800 events in 100 days x 40 kg fiducial

~60% due to 85Kr with remaining 40% due to Compton scattering
of external gamma background

Red Points: WIMP events after only 40 days (equivalent exposure to all of XENON 00 run) assuming
a WIMP model for mass 100 GeV at current best 90% CL Exclusion Limit

Blue Points: Total # of single scatter electron recoil events in LUX (before any other cuts) after 40
days of running. Expect only || events in 100 kg fiducial x 40 days for a net 4,000 kg exposure.

LUX - Strong Emphasis on WIMP Discovery / Plan to run LUX for 300 days
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Summary

42
= 10 E ' AR http://dmtools brown.edu/]
8 C Gaitskell Mandic Filippini
E g
® Detector fully constructed in the c 10~
Surface Facility 3
® Extensive testing of all subsystems é
S 44
above ground 210
® Surface Run02 currently underway =
9
® Underground deployment:early 2012 2 ;45|
-
® Significant discovery capability I
2 [ LUX 30,000 kg-days
(5 L 46
o 10 l A : 1 1 1 1 111 3
10 10 10

WIMP Mass [GeV/c]
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Thank You!
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Extra Slides
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Go Underground

® Reduction of Muon Flux
® Surface:~| /hand/s

e 4850’ (4300 MWE):
~| / hand / year
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Water Tank

® 8 m diameter, 6 m height

® 20 Photomultiplier tubes
for muon veto

 [Flux Attenuation in Wate
(Geant4 MC)
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Manage Internal Backgrounds

[ Xe feed
Kr purge
Kr -:f recovery
® Screen construction = =
materials <

® Remove Xe contaminants 10"

o Kr-85

0 20 40 &0 80 100 120 140 160
o o o Time {min)
® Minimize Rn exposure -
. Screening Result
(a,n) in PTFE ni :
U238 Th232 Co60 K40 Sc46
PMTs |mBq/PMT| 9.5+0.6 2.7+0.3 2.6%0.1 6612
Ti mBq/kg <0.18 <0.25 4.4+0.3*%
Cu mBgq/kg 2.1£0.19*
PTFE | mBq/kg <3 <l
HDPE | mBqkg | <05 <0.35
Staintes® | malkg 1941
**Type 304 stainless steel *Cosmogenic equilibrium at | mile
used in electric field grids above SL; decays below ground
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Xenon Self Shielding

5-25 keVee single scatter logio(DRU..)

® |00 kg fiducial region

® Shielding improves greatly
by scaling up Xe mass

Depth [om]

Self-shielding in liquid Xe TPC

‘ [ ——10kg. H/O = 1.00
== == 100kg, H/O® =1.00
— 300 kg, H/O =1.20
w1000 kg, H/©® = 1.00
LUX goal
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Xe Signal Generation

Nuclear / Electron Recoil
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LUX DAQ

14-bit resolution
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¥ - {Data Monitoring)
o CAEN Slow Control
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E Disc.
:

* Custom-built analog electronics

* Specially shaped signals for the digitizer, digital trigger, and analog trigger

* |.5kHz acquisition rate w/o deadtime = dark matter calibrations w/ zero deadtime
® >99.99% zero suppression

* 95% single photoelectrons > 50 upward fluctuation in baseline noise

* |20 keVee dynamic range with dark matter search gains
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DAQ POD Mode

Single Photoelectron detected with POD mode
4 , . l . .

pulse detect threshold

[« pretrigger 4>: :< posttrigger —>f
0 100 200 300 400 500
ns
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Purification

Purification vs. Time, Run009

_ e ~9 hr purification time
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